Low Cardiorespiratory Fitness in the Type 2 Diabetic Population
It is well known that patients with type 2 diabetes have low cardiorespiratory fitness, as evaluated by peak oxygen consumption (peak VO 2 ) or peak metabolic equivalents (METs) during a maximum graded exercise test [1, 2] . Even if these patients have had a short duration of disease and no obvious diabetic complications or cardiovascular diseases, peak VO 2 of the patients was reduced by 12%-15% compared with the reference level of age-matched healthy subjects [8] . The reduced cardiorespiratory fitness in this population will certainly cause fatigability or pain during exercise and further augment their sedentary lifestyle. Such physical inactivity conversely exacerbates low cardiorespiratory fitness in a vicious cycle. However, it seems that there are other contributors because the cardiorespiratory fitness of patients with diabetes was reported to be approximately 10% lower than that of their non-diabetic
Abstract
In this mini review, we aimed to clarify the contributors to impaired cardiorespiratory fitness in patients with type 2 diabetes and to discuss how to improve cardiorespiratory fitness in this population. Patients with type 2 diabetes have low cardiorespiratory fitness even if the duration of their disease has been short and they have had no apparent diabetic complications or evident cardiovascular disease. Impaired cardiorespiratory fitness results in a sedentary lifestyle and an increased risk of cardiovascular and all-cause mortality. Conversely, physical inactivity exacerbates low cardiorespiratory fitness in this population. The pathognomonic factors in patients, such as impaired endothelial dysfunction and vascular conductance or mitochondrial dysfunction, contribute to reduced oxygen utilization in working muscles, which causes abnormal oxygen uptake kinetics during exercise. Clinically negligible diabetic cardiomyopathy, including left ventricular diastolic dysfunction and cardiac autonomic neuropathy, may also slow oxygen uptake kinetics and affect the cardiorespiratory fitness of a patient with diabetes. Although habitual exercise itself is the most efficient way to improve cardiorespiratory fitness, studies have suggested that patients with diabetes could benefit from thiazolidinedione to augment cardiorespiratory fitness.
Introduction
Clinical investigations have revealed that patients with type 2 diabetes exhibit poor cardiorespiratory fitness compared with their age-matched, non-diabetic counterparts [1, 2] . It is well known that poor cardiorespiratory fitness causes an increased risk of cardiovascular and all-cause mortality in this population [3, 4] . Therefore, it is important to understand the causal factors associated with impaired cardiorespiratory fitness for appropriate management of the disease. In the present mini review, we appraise previous reports and aim to clarify the contributors to impaired cardiorespiratory fitness in patients with type 2 diabetes. We also discuss methods of improving cardiorespiratory fitness in this population.
A Small Number of Patients with Type 2 Diabetes Regularly Exercise
Exercise is an established therapeutic strategy for type 2 counterparts, who had a similar level of physical activity [1] . In the following section, we focus on possible contributors to impaired cardiorespiratory fitness in patients with type 2 diabetes, other than physical inactivity.
Why are patients with type 2 diabetes intolerant of exercise?
Impaired Oxygen Uptake Kinetics
Besides physical inactivity, various pathognomonic factors of type 2 diabetes seem to contribute to low cardiorespiratory fitness, although the exact pathological mechanisms have not been fully resolved. One candidate is abnormal oxygen uptake kinetics, i.e., there is a slower rate of change in VO 2 in response to the onset of constant-load exercise, which seems to affect cardiorespiratory fitness in patients with type 2 diabetes. This kinetics generally reflects the ability to transport oxygen to the working muscles and to utilize delivered oxygen for oxidative energy metabolism. Slow oxygen uptake kinetics has also been reported to negatively correlate with peak VO 2 [9] . Many previous studies have demonstrated that oxygen uptake kinetics in steadystate exercise were reduced by an average of 35% in those who had diabetes, especially younger (<60 years) female patients [8] . The impaired transport of oxygen to working muscles is considered to be mainly due to the insufficiency of muscular hyperemia during exercise because of impaired endothelial function and vascular conductance, traits that are commonly seen in patients with diabetes [10] . Furthermore, mitochondrial depletion and dysfunction in skeletal muscle cells may also reduce local oxygen utilization [8] . These factors are possibly related to the impaired oxidative metabolism in skeletal muscles and result in slow oxygen uptake kinetics during exercise in this population.
Subclinical Left Ventricular (LV) Dysfunction
Subclinical LV dysfunction may be another contributor to slow oxygen uptake kinetics and impaired cardiorespiratory fitness. Diabetic cardiomyopathy is defined as the presence of idiopathic myocardial involvement directly due to diabetes, and its presence is independent of the co-existence of ischemic, hypertensive, or valvular heart disease [11] . In most cases, LV diastolic dysfunction is the earliest manifestation of diabetic cardiomyopathy. As reported in a study with healthy subjects [12] , previous reports have demonstrated that LV diastolic dysfunction is defined as reduced early diastolic velocity evaluated using Doppler echocardiography and is associated with decreased peak VO 2 in type 2 diabetes without apparent coronary artery disease [13, 14] . A reduction in LV end-diastolic volume restrains cardiac output during exercise, according to the Frank-Starling law. In addition, LV diastolic dysfunction increases pulmonary artery wedge pressure followed by relative pulmonary congestion, limiting peak VO 2 in the graded exercise test [13] . It has also been suggested that cardiac autonomic neuropathy, considered as one of the pathophysiologic mechanisms for diabetic cardiomyopathy, represented by poor heart rate variability or impaired heart rate recovery (HRR) from maximum heart rate in a graded exercise test may have contributed to the impaired cardiorespiratory fitness in patients with type 2 diabetes [14, 15] . We examined the association of HRR with peak METs in a maximum graded exercise test in 74 diabetic patients with poorly-controlled glycemic profiles (37 males, 62.2 ± 9.2 (SD) years; duration of diabetes, 8.9 ± 7.9 years; HbA1c, 9.3 ± 1.9 %), who were admitted to PL hospital, Tondabayashi City, Osaka (unpublished data). As shown in Figure  1 , HRR showed a statistically significant positive correlation with peak METs. Furthermore, in multiple regression analysis, HRR was found to be a strong determinant for exercise capacity and was independent of age and gender (Table 1) . Our findings are consistent with those of aforementioned reports [14, 15] . However, a more recent study by Gürdal et al. reported that peak VO 2 in the maximum graded exercise test showed no statistically significant difference irrespective of the presence or absence of LV diastolic dysfunction in patients with type 2 diabetes and who had no apparent coronary artery disease [16] . Sacreet et al. also reported that a 6-month exercise intervention successfully increased peak VO 2 by 11% in patients with type 2 diabetes. However, this was not accompanied by significant improvement in the HRR or LV diastolic function [17] . The influence of LV diastolic dysfunction on cardiorespiratory fitness possibly varies depending on the extent of pre-existing subclinical myocardial damage. This is because cardiac rehabilitation for patients suffering from more severe myocardial functional abnormalities or heart failure with reduced LV ejection fraction culminates in an improvement in both LV function and peak VO 2 [18] . However, the mechanism of this relationship remains to be clarified.
Insulin Resistance and Poor Glycemic Control
Several reports have shown that insulin resistance, evaluated by an euglycemic-hyperinsulinemic clamp or a homeostasis model assessment was negatively correlated with cardiorespiratory fitness in this population [19, 20] . Insulin resistance not only plays an important role in hyperglycemia in patients with type 2 diabetes but is also associated with all of the aforementioned pathological conditions such as myocardial Figure 1 : Correlation between heart rate recovery and cardiorespiratory fitness (peak METs) in the maximum graded exercise test. Heart rate recovery was significantly positively correlated with peak METs (r = 0.330, p = 0.005). Abbreviation: METs, metabolic equivalents systolic/diastolic dysfunction [21] , endothelial dysfunction [22] , and mitochondrial disability in skeletal muscle [23] . Recently, impaired cardiac insulin signaling, as well as cardiac mitochondrial depletion and dysfunction, has attracted much attention for playing an important role in the pathogenesis of diabetic cardiomyopathy [24] . However, it has not been fully elucidated whether insulin resistance in skeletal and cardiac muscles is synchronously acquired. Therefore, the presence of insulin resistance may result in reduced peak VO 2 in the maximum graded exercise test. In contrast, a few reports have suggested an association between insufficient glycemic control and impaired cardiorespiratory fitness [14] and restored cardiorespiratory fitness after the improvement of hyperglycemia by insulin therapy [25] . Meanwhile, other investigators failed to detect any significant correlation between the two. Although the reason for these inconsistent observations is not clear, atrophy in the proximal muscles or the tendency towards dehydration is shared by patients with type 2 diabetes who have poor control over the disease, and this potentially contributes to the reduced cardiorespiratory fitness.
Poor prognosis in type 2 diabetes with reduced cardiorespiratory fitness
It is known that a sedentary lifestyle and impaired cardiorespiratory fitness are strong predictors of cardiovascular and all-cause mortality in a healthy population [26] ; unsurprisingly, the same is true for patients with type 2 diabetes. This is because cardiorespiratory fitness reflects other factors (including metabolic profile, cardiovascular function, or other complicated medical conditions), which have already been established as predictors of survival in these patients. From the results of several prospective cohort studies, 1-peak MET increments in the maximal exercise test reduced the adjusted risk of all-cause mortality by 14%-25% in this population [3, 4] . It has also been reported that high cardiorespiratory fitness equally ameliorated cardiovascular disease-related mortality in patients with type 2 diabetes who were overweight or obese, compared with that observed in their normal-weight counterparts [27] . Therefore, improving cardiorespiratory fitness takes priority over all clinical treatment plans in the management of type 2 diabetes.
How to improve cardiorespiratory fitness in patients with type 2 diabetes?
Engaging in regular exercise or physical activity is the best way to augment cardiorespiratory fitness. To date, many investigators have shown that cardiorespiratory fitness is principally improved by aerobic exercise in patients with type 2 diabetes [28] . A meta-analysis of nine RCTs concluded that aerobic training of 3.4 sessions/week, 49 min/session for 20 weeks on average with an intensity of 50%-75% of peak VO 2 resulted in an 11.8% increase in peak VO 2 . Furthermore, higher exercise intensities could provide a greater improvement [29] . Nevertheless, as previously mentioned, only a small number of patients practice habitual exercise, and most of them lead a sedentary lifestyle. The investigation into the ProActive cohort over 12 months revealed that male gender and higher cardiorespiratory fitness levels independently predicted significant increase in energy expenditure through physical activity [30] . In other words, patients with poor cardiorespiratory fitness find it extremely hard to continue exercising.
Commitment to exercise by the medical staff, adequate space and equipment, or interesting and stimulating regional programs or interventions, are necessary elements for improving adherence to exercise in these unfit and unmotivated patients. More patients with type 2 diabetes will possibly undertake workouts if counseled to do so. However, counseling by the medical staff unfortunately does not seem to be sufficient. According to the National Health Interview Survey in 2010, 56% of adults with diabetes in the US had been recommended to commence or continue to perform exercise or physical activity by their physicians or other health professionals in the previous year [31] . Although these patients were more likely to have been advised exercise than those patients who had other chronic diseases, such as hypertension, cardiovascular disease, and cancer, patients were still less likely to attempt exercise.
Regarding the potential pharmacological approaches used to augment cardiorespiratory fitness, thiazolidinedione (TZD), an insulin-sensitizing agent, is known to improve peak VO 2 in the graded exercise test in patients with type 2 diabetes [32, 33] . No human study regarding the effect of pioglitazone on cardiorespiratory fitness is available, although a few reports have shown that pioglitazone improved exercise capacity in diabetic mice [34] . It has been reported that 4-8 mg/day of rosiglitazone administration increased peak VO 2 by 4%-7% in patients with type 2 diabetes [32, 33] , although a few studies with a relatively short-term intervention period (4-12 weeks) concluded that there was no effect of rosiglitazone therapy on cardiorespiratory fitness [35, 36] . Some mechanisms for TZDs and how these improve cardiorespiratory fitness have been suggested. First, TZDs stimulate the differentiation of adipocytes as an agonist for the nuclear hormone receptor proxisome proliferator-activated receptor γ (PPARγ) and for the storage of fatty acids mainly in the subcutaneous adipose tissue [37] . These changes in the adipocyte consequently decrease the level of intramyocellular/ intrahepatic triglycerides and cellular lipotoxicity, which results in improvements in mitochondrial and endothelial functions. In addition, the differentiation of adipocytes increases the secretion of adiponectin, an adipocytokine known to ameliorate insulin resistance. Adiponectin is also known to induce the production of nitric oxide from arterial endothelial cells [38] . Kadoglou et al. has demonstrated that the rosiglitazone-induced increase in cardiorespiratory fitness was closely associated with an increase in plasma adiponectin in patients with type 2 diabetes [39] . Furthermore, TZDs as well as exercise are known to activate the skeletal muscle AMP-activated protein kinase (AMPK), which most likely results in an increase in cardiorespiratory fitness through enhanced fat oxidation and mitochondrial biogenesis in the skeletal muscle. However, it should be acknowledged that the administration of TZDs is only an option. Exercise or increased physical activity is a low-cost, simple intervention for the management of diabetes and should be given first priority in the strategy for improving cardiorespiratory fitness. Furthermore, the therapeutic approach using TZDs should be considered on a case-by-case based on the balance of the aforementioned advantages and potential side effects (including increasing serum LDL-cholesterol level and bone fracture) of the drugs as well as the existing patient co-morbidities.
It has been shown that metformin, another activator of AMPK, reduced peak VO 2 , peak heart rate, and exercise duration in the graded exercise test with healthy, normal-weight subjects [40] . administration of metformin did not affect cardiorespiratory fitness [41] . The inconsistency of TZD and metformin effects on cardiorespiratory fitness may be attributed to the difference in the mechanism of how these two insulin sensitizers activate AMPK. These two drugs share the process of indirect AMPK activation by inhibiting complex 1 of the mitochondrial respiratory chain and by consequently increasing AMP synthesis; specifically, TZDs activate AMPK through the effects of PPARγ to stimulate adiponectin secretion. It remains to be clarified whether the unfavorable effect of metformin on exercise capacity is the same for patients with diabetes or obesity, although a non-randomized, observational study concluded that metformin users with type 2 diabetes had no disadvantage in improving their cardiorespiratory fitness by aerobic or resistance training [42] .
Summary
It is now evident that cardiorespiratory fitness is impaired in patients with type 2 diabetes because of other pathognomonic factors in addition to their sedentary lifestyle. Consequently, impaired cardiorespiratory fitness is associated with poor prognosis in this population. To stimulate more patients in performing regular exercise, patients and medical staff ought to find opportunities to discuss the positive aspects of exercise. In addition, optimal exercise programs should be delivered according to the individual physical strength, medical concerns, and convenience. Patients can benefit from rosiglitazone as an option to augment cardiorespiratory fitness.
